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SYSTEMS AND METHODS FOR INGOT HEAD SHAPING
Direct chill (DC) casting is commonly used to produce metal ingots, and particularly
ingots made of aluminum and aluminum-based alloys. DC casting generally includes introducing
molten metal into a water-cooled mold having a vertical axis and a shape of the desired ingot. As
the molten metal is introduced into the mold, the molten metal solidifies in a region adjacent to
the inner periphery of the mold and forms an embryonic ingot, which can be withdrawn from the
mold by lowering a bottom block that initially closes the lower end of the mold. To provide
cooling of the embryonic ingot as it emerges from the lower end of the mold, coolant is applied
on the external surface of the ingot below the mold. With an effectively continuous movement of
the bottom block and correspondingly continuous supply of molten metal to the mold, an ingot of
desired length may be produced, limited only by the space available below the mold. Such ingots
are then often subjected to hot rolling and cold rolling to product a metal product (e.g., metal
sheet) of a desired thickness. Traditionally, ingots have been cast with a generally rectangular
shape and include opposing ends commonly referred to as the ingot butt and the ingot head. The
ingot butt is the portion of the ingot formed during the start of casting and contacts the bottom
block. The ingot head is the opposing end of the ingot that is formed during the end of casting.
During rolling, deformation in the length direction of the slab leads to a condition commonly
referred to as an “alligator” in which the ends become flared. This condition progressively
worsens as rolling continues, and the alligator portion of the slab must eventually be removed
before rolling can continue. Such removal disrupts production and produces material waste.
In view of these potential issues, described herein are systems and methods for shaping
an ingot head and/or an ingot butt of an ingot using various techniques or mechanisms as desired.
While the following description will make reference to the ingot head, it is equally applicable to
the ingot butt unless stated otherwise. Techniques for shaping the ingot head may include cutting
and/or sawing the ingot using various suitable sawing or cutting devices or mechanisms. The
ingot may be shaped to have various profiles at the head as desired. One such profile may
include a head profile with at least a first chamfered face and a second chamfered face. Another
profile may include an end face between the first chamfered face and the second chamfered face,
and the first and second chamfered faces each extend at an oblique angle relative to the end face.
An ingot with an ingot head having the head profiles described herein may minimize or eliminate
the formation of the alligator defect during rolling, which in turn may minimize or reduce the
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need for shearing of the defect and thus minimize material waste. The head profiles may also
produce ingots nearer their desired net (final) shape, which may improve the overall ingot
recovery through a hot rolling mill, such as increasing recovery from about 1.0% to about 4.0%.
FIG. 1 below illustrates an example of an ingot 100 after casting and before shaping.

The ingot 100 may be any metal as desired, including aluminum, aluminum alloys, iron,
magnesium, or a combination of metals and metallic alloys, and may be formed via various
techniques such as, but not limited to, direct chill casting. As illustrated in FIG. 1, the ingot 100
generally includes an ingot butt 102 and an ingot head 104. The ingot butt 102 is the portion of
the ingot 100 formed during the start of casting and contacts the bottom block during casting,
and the ingot head 104 is the portion of the ingot 100 formed during the end of casting. The ingot
head 104 includes a head end 132 and the ingot butt 102 includes a butt end 134. The head end
132 may include a shrinkage cavity 110, which may form during casting after the supply is
molten metal is stopped and as the ingot cools and continues to solidify. In particular, because
cooling commences from the peripheral surfaces of the ingot 100, the core of the ingot 100 at the
head end 132 is the last part to cool and solidify, and metal shrinkage becomes apparent from the
appearance of the shrinkage cavity 110. If this cavity 110 is allowed to remain following
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complete ingot cooling, the alligator defect may occur during rolling of the ingot 100. The ingot
100 includes a first rolling face 106 and a second rolling surface 108 opposite from the first
rolling face 106. As illustrated in FIG. 1, the ingot 100 generally includes a length (distance from
the head end 132 to the butt end 134), a width, and a thickness, any of which may vary
depending on the casting process, metal, etc.
As mentioned, the ingot head 104 may be shaped to improve performance of the metal
as it is further processed and/or to improve productivity of such processing. FIG. 2 below
illustrates an example of a pattern of a head profile 116 for the ingot head 104 before shaping.

FIG. 3 below illustrates the ingot head 104 with the head profile 116 after shaping.
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As illustrated in FIGS. 2 and 3, the head profile 116 includes a first chamfered face 118
and a second chamfered face 120. An end face 122 may be provided between the chamfered
faces 118, 120 for some profiles; however, the end face 122 may also be omitted. The first
chamfered face 118 extends at a first angle 124 relative to the first face 106, and the second
chamfered face 120 extends at a second angle 126 relative to the second face 108. The first angle
124 and the second angle 126 may be any angles as desired. In some cases, the first angle 124
and/or the second angle 126 may be in the range of about 25° to about 60°, such as from about
40° to about 60°, such as from about 50° to about 60°. The first angle 124 and/or the second
angle 126 optionally may be maximized to minimize a length 128 of the head profile 116. As an
example, the first angle 124 and/or the second angle 126 are controlled such that the length 128
of the head profile 116 is from about 200 mm to about 400 mm, although the length 128 may be
other lengths including less than 200 mm and/or greater than 400 mm.
As mentioned, some head profiles optionally include the end face 122 between the
chamfered faces 118, 120. The end face 122 may be perpendicular to the first face 106 and/or the
second face 108, although it need not be in other cases. When included, the end face 122 is
formed a predetermined distance 130 between the head end 132 and the butt end 134 of the preshaped ingot 100 sufficient to remove the shrinkage cavity 110. As some examples, the
predetermined distance 130 may be from about 50 mm to about 100 mm from the end 132. The
end face 122 also includes a thickness 136. The thickness 136 of the end face 122 optionally may
be less than a thickness 138 of the first chamfered face 118 and/or less than a thickness 140 of
the second chamfered face 120, although it need not be. As one example, the thickness 136 may
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be from 0 mm (e.g., omitted) to about 250 mm. Optionally, forming the end face 122 includes
maximizing the thickness 136 while minimizing the length 128.
FIG. 4 below illustrates an ingot 400 with another head profile 416. Compared to the
head profile 116, the head profile 416 omits the end face 122. In addition, the first angle 124 of
the first chamfered face 118 of the head profile 416 is increased compared to the head profile
116. Similarly, the second angle 126 of the second chamfered face 120 of the head profile 416 is
increased compared to the head profile 116.

FIG. 5 below illustrates a process 500 of producing a shaped ingot.

In a block 501, the process 500 includes receiving the cast ingot 100. In one example,
the cast ingot 100 is a 1xxx series aluminum alloy, a 2xxx series aluminum alloy, a 3xxx series
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aluminum alloy, a 4xxx series aluminum alloy, a 5xxx series aluminum alloy, a 6xxx series
aluminum alloy, a 7xxx series aluminum alloy, or an 8xxx series aluminum alloy.
In a block 503, the process 500 includes shaping the ingot head 104 of the ingot 100 to
have the head profile 116. Block 503 may be implemented by cutting the ingot head 104 with a
saw or other suitable cutting device. Optionally, block 503 may include adjusting an orientation
of the ingot head 104 relative to the cutting device and/or adjusting an orientation of the cutting
device relative to the ingot 100 such that the ingot head 104 is shaped with the head profile 116
including at least the first chamfered face 118 and the second chamfered face 120. Shaping the
ingot head 104 in block 503 also may include forming the end face 122.
Block 503 may include controlling at least one characteristic of the head profile 116
based on at least one of a thickness of the ingot 100 and/or planned additional processing of the
ingot 100. The at least one characteristic of the head profile 116 may include, but is not limited
to, a thickness 136 of the end face 122, the angle 124 of the first chamfered face 118, the angle
126 of the second chamfered face 120, the thickness 138 of the first chamfered face 118, the
thickness 140 of the second chamfered face 120, the predetermined distance 130 between the end
face 122 and the head end 132, and/or the length 128 of the head profile 116. The predetermined
distance 130 may be made either made by ultrasonic measurement and/or predefined for a given
alloy (e.g., based on a statistical characterization determined by physical measurement of shear
cuts or determined ultrasonically). The distance 130, when included, may vary based on alloy
and/or intended use of the end product. As an example, the distance 130 may be varied
depending on whether the metal is being used for can body stock, can end stock, a 6xxx series
aluminum alloy, a 7xxx series aluminum alloy, an 8xxx series aluminum alloy, and/or another
aluminum alloy and/or end product as desired.
Block 503 may be at least partially controlled or implemented by a controller (processor
and/or memory). As an example of the controller implementing the process 500 at least in block
503, the controller may receive a desired head profile 116 as an input from a user via a user
interface and/or may determine a head profile 116 based on the thickness of the ingot and/or
planned additional processing of the ingot. The controller may then control the cutting device
and/or equipment supporting the ingot 100 such that the ingot head 104 is shaped.
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In a block 505, the method optionally includes further processing the ingot 100 after the
ingot head 104 is shaped with the head profile 116 in block 503 by performing hot rolling, cold
rolling, homogenization, scalping, coiling, finishing, and/or other processes as desired.
FIG. 6A below illustrates a traditional ingot 601 before hot rolling (0 passes through a
hot rolling mill 603), after nine passes through the hot rolling mill 603, and after seventeen
passes through the hot rolling mill 603.

FIG. 6B below illustrates an ingot 600 with a head profile 616 that is similar to the head
profile 116 before hot rolling, after nine passes through the hot rolling mill 603, and after
seventeen passes through the hot rolling mill 603. The ingot butt of the ingot 600 was also
shaped to have a profile similar to that of the head profile 116.

FIG. 6C below illustrates both the traditional ingot 601 and the ingot 600 after rolling.
The traditional ingot 601 experienced a significant alligator defect 605, requiring a shearing
operating at location 607 before further processing. By comparison, the defective region of the
ingot 600 was substantially less than that of the ingot 601, only requiring shearing at location
609. As such, the material waste from the ingot 600 was minimized / the recovery of the ingot
600 was substantially more than that of the ingot 601.
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The above-described aspects are merely possible examples of implementations, merely
set forth for a clear understanding of the principles of the present disclosure. Many variations and
modifications may be made to the above-described examples without departing substantially
from the spirit and principles of the present disclosure.
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